- 1 - Fractional condensation of a hot gas m xture containing acrylic acid
or nethacrylic acid and a high proportion of noncondensabl e conponents 5
The present invention relates to a process for the fractional

condensation of a hot gas mixture whithlcontains at |east two condensabl e
conponent s and a hiqh;proportlon of _noncondensabl e conponents. 10 Hot
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SOlvent'fBéi example, propene is reacted with molecular oxygen over
solid catalysts at from 200 to 400°C in one stage or
two stages via acrolein (cf. for example DE-A-
1 962 431, DE-A-2 943 707, DE-C-1 205 502, EP-A-
0 257 565, EP-A-0 253 409, DE-A-2 251 364, EP-A-
20 0 117 146, GB-B-1 450 986 and EP-A-0 293 224).
Multicomponent oxidic catalysts, for example based on
oxides of the elements molybdenum, bismuth and iron (in
stage I) or molybdenum and vanadium (in stage II) are
used. The hot reaction gas mixture formed contains, in
25 addition to the "condensable" acrylic acid or the
"condensable" methacrylic acid and condensable
byproducts, a high proportion of noncondensable

components, such as nitrogen or oxygen.

30 Numerous processes are known for isolating the acrylic
acid. Thus, DE-C-2 136 396 discloses isolating the
acrylic acid from the reaction gases obtained in the
catalytic gas-phase oxidation by countercurrent
absorption using a mixture of about 75% by weight of

35 diphenyl ether and about 25% by weight of biphenyl.
DE-A-2 449 780 describes the cooling of the hot
reaction gas by partial evaporation of the solvent in a
direct condenser (quench  apparatus) before the



di rect condenser (quench appar at us) before t he - 2-
countercurrent absorption. In addition to this absorption of the
acrylic acid-containing reaction product into a high-boiling sol vent

mi xture, other processes envisage a total? condensation of acrylic acid 5
and of the water of reaction also fornmed in the catal ytic oxidation. The
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conponents, S%x&%%&iﬂﬁfykéc ﬁ%gﬁbﬁi into contact with water in an
absorption tower, and the aqueous solution obtained is
15 distilled in the presence of a solvent which forms an
azeotropic mixture with polar low boilers, such as
water or acetic acid. Furthermore, DE-C-2 323 328
discloses the isolation of acrylic acid from an aqueous
butanol/acrylic acid esterification waste 1liquor by
20 extraction with a special mixture of organic solvents.
The disadvantage of the processes described here is
that the extraction or absorption requires an organic
solvent which has to be separated off again in a
further process stage, such as rectification, with high
25 thermal stress.

It is an object of the present invention to provide a
process for separating a gas mixture formed in the
catalytic gas-phase oxidation to give acrylic acid or

30 methacrylic acid and having a high proportion of
noncondensable components, so that acrylic acid or
methacrylic acid is obtained in high purity and very
few processes stages are required.

35 We have found that this object is achieved by a process
for the fractional condensation of a gas mixture which,
in addition té6 acrylic acid or methacrylic acid, also
contains at least one further condensable component and



methacrylic acid is obtained in high purity and very few processes stages
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least one byproduct and/or at 1least one unconverted
starting material. In the novel preparation process,
the gaseous crude product is worked up by the above
novel process for fractional condensation.

In a preferred embodiment, the hot gas mixture contains
a high boiler fraction, medium boiler fraction and low
boiler fraction, each of which in turn contains one or
more components, as is the case, for example, with the
hot reaction product gas mixture formed in the
preparation of acrylic acid by catalytic gas-phase
oxidation. Further preferred embodiments of the
invention are evident from the following description
and from the Example. The invention furthermore
relates to the use of a column having separatory
internals for the fractional condensation of hot gas
mixtures containing a high proportion of noncondensable
components.

The only Figure schematically shows a column which is
preferably used for carrying out the novel process.

The columns which can be used for the novel procegs are
not subject to any particular restriction. In
principle, all columns having separatory internals are



relates to the use of a columm having separatory internals for the
fractional condensation of hot gas 30 m xtures containing a high
proportion of noncondensabl e conponents. The only Figure schematically
shows a columm which is preferably used fér- carrying out the novel process.
35 The colums which can be used for the novel process are not subject to
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case of other cooling apparatuses. If only one cooling

15 apparatus is provided, it is installed at the top of

the column in which the 1low boiler fraction is

condensed. A person skilled in the art can readily

determine the number of cooling apparatuses required,

depending on the desired purity of the condensed

20 fractions and hence of the components, the purity of

the condensed components essentially being determined

by the installed separation efficiency of the column,

i.e. the column height and the energy introduced via

the gas mixture to be condensed. When a plurality of

25 cooling apparatuses are present, they are expediently

installed in different sections of the column. For

example, in the case of the hot gas mixture which, in

addition to the high proportion of noncondensable

components, contains a high boiler fraction, medium

30 boiler fraction and low boiler fraction, a cooling

apparatus can be provided in the lower section of the

column for condensing the high boiler fraction and a

cooling apparatus can be provided at the top of the

column for condensing the low boiler fraction. The

.35 condensed fractions are removed from the respective

sections of the column via side take-offs. Depending

on the number of components in the high boiler

fraction, medium boiler fraction and low Dboiler



by the installed separation efficiency of the colum, i.e. the colum

hei ght ‘and the energy introduced via the gas m xture to be condensed.
When a plurality of 25 cool i ng apparatuses are present, they are
expediently installed in different secti®ns of the colum. For exanpl e,
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pressure, connectlon and arrangement of the cooling

15 apparatus(es), arrangement of the side take-offs for
removing the desired fractions, choice of column height
and of column diameter, number and spacing of the
separatory internals/trays in the column or type of
separatory column internals, can be determined by a

20 person skilled in the art by conventional experiments
depending on the separation task.

Gas mixtures which may be used are all hot gas mixtures
which contain at least two condensable components and a
25 high proportion of at 1least one noncondensable
component and do not exhibit any pronounced formation
of an azeotropic mixture, i.e. azeotropic mixtures are
also suitable when the composition of the azeotropic
mixture is shifted very far to one side. According to
30 the invention, the term "condensable components" covers
all components or compounds whose boiling point is not
lower than -40°C at atmospheric pressure (1 bar),
preferably not lower than -30°C at atmospheric pressure
(1 bar), in particular not lower than -20°C at
35 atmospheric pressure (1 bar). Advantageously, the
temperature of the hot gas mixture to be condensed is
from 20 to 450°C, in particular from 100 to 350°C, most
preferably from 150 to 300°C. The proportion of



15 apparatustes), arrangenent of the side take-offs for renoving the
desired fractions, choice of colum height and of columm dianeter, nunber
and spaci ng of t he separatory internals/trays in the columm or type of
separatory colum internals, can be dete®ni-ned by a 20 person skilled in
the art by conventional experinents depending on the separation task. Gas
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respectively, than the medium boiler fraction, said

15 fraction differing by at least 5 to 10°C from the

boiling range/boiling point of the medium boiler

fraction.

In a preferred embodiment, the hot gas mixture is
20 cooled directly or indirectly (externally) before the
condensation. This can be effected by indirect
cooling, for example by means of a gas cooler, but also
by direct cooling with a refrigerant high-boiling
assistant, for example high-boiling hydrocarbons, or
25 preferably with the high boiler fraction condensed from
the gas mixture. In the case of the assistant,
however, a disadvantage is that it must be worked up
again. In terms of apparatus, the cooling can be
carried out separately from the column in a separate
30 apparatus, for example in a gas cooler, a quench or a
flash vessel, or integrated in the bottom of the column
(with or without column internals). During the
cooling, the hot gas mixture is cooled to 50 to 300°C,
in particular to 70 to 200°C, below the boiling point
35 of the highest-boiling component in each case.

A particularly suitable hot gas mixture is the reaction
gas mixture as formed in the catalytic gas-phase



in turn contains one or nore conponents. The ternms 10 hi gh boil er
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product which appears in the nediumboiler fraction and denote the

fracti ons which have a boiling point or Hoiling range higher or |ower,
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acid or met hacr)él 1§;t"i%' d %J'ﬂ)%%emo%éﬁfa%lon of C3-/C4-alkanes,
-alkenes, -alkanols and/or -alkanals and/or
15 intermediates thereof to give acrylic acid or to give
methacrylic acid is thus preferably present as a crude
product for the condensation. Both acrylic acid and
methacrylic acid can be prepared directly from propane
and isobutane, respectively. When propane is used as a
20 starting material, it can be converted into a
propene/propane mixture by catalytic oxydehydrogenation
(for example according to US-A-5 510 558), homogeneous
oxydehydrogenation (for example according to CN-A-
1 105 352) or catalytic dehydrogenation (for example
25 according to EP-A-0 253 409) by known processes.
Suitable propene/propane mixtures are also refinery
propene (70% of propene and 30% of propane) and cracker
propene (95% of propene and 5% of propane). When a
propene/propane mixture is used for the preparation of
30 acrylic acid, propane acts as a diluent gas and/or
reactant. As in the case of propane, isobutane too can
act as a reactant, and both can be converted directly
into acrylic acid or methacrylic acid, for example
according to EP-B-0 608 838. In the preparation of
35 acrylic acid or methacrylic acid, as a rule the
starting gases are diluted with inert gases, such as
nitrogen, COs, saturated C1-Cs-hydrocarbons and/or
steam, passed as a mixture with oxygen at elevated



Propene, propane, acrolein, tert-butanol, isobutene, 5 | sobut ane,

i sobutyral dehyde, nmethacrolein, isobutyric acid or methyl tert-butyl
ether is particularly advantageously used. However, other suitable
starting conpounds are those from which” tBe-actual C3/C4 starting conpound
Is formed as an internediate during the gas- 10 phase oxidation itself.
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methacrolein and/or propene and/or isobutene, steam,
carbon monoxide, carbon dioxide, nitrogen, oxygen,
acetic acid, propionic acid, formaldehyde, further
20 aldehydes and maleic anhydride. ©Usually, the reaction
gas mixture contains from 1 to 30% by weight of acrylic
acid or methacrylic acid, from 0.05 to 1% by weight of
propene or isobutene and from 0.05 to 1% by weight of
acrolein or methacrolein, from 0.05 to 10% by weight of
25 oxygen, from 0.05 to 2% by weight of acetic acid, from
0.01 to 2% by weight of propionic acid, from 0.05 to 1%
by weight of formaldehyde, from 0.05 to 2% by weight of
aldehydes, from 0.01 to 0.5% by weight of maleic
anhydride and from 20 to 98, preferably 50 - 20, % by
30 weight of inert diluent gases, based in each case on
the total reaction gas mixture. In particular,
gaturated C;-Cg¢-hydrocarbons, such as from 0 to 90% by
weight of methane and/or propane, in addition to from 1
to 30% by weight of steam, from 0.05 to 15% by weight
35 of oxides of carbon and from 0 to 90% by weight of
nitrogen, based in each case on 100% by weight of
diluent gas, are present as inert diluent gases.' In
addition to the desired component acrylic acid or



-8- tenperatures (usually from 200 to 4500C) and, if required,

super atnmospheric pressure over transition netal mxed oxide catalysts
(containing, for exanple, M), V, Wand/or Fe) and oxidized to acrylic acid
or 5 methacrylic acid (cf. for exanple®DE-A-4 405 059, EP-A- 0 253 409,
EP-A-0 092 097 and DE-A-4 431 949) . These reactions are carried out, for
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gas mxture
component(s), as shown in the Figure and as described

15 below, it being possible to divide the column into
various sections in which different process engineering
problems are solved. Here, the reference symbols in
the Figure refer to the individual sections in the
column (I.a to I.f) or separate sections/apparatuses of

20 the column (I.a), feed lines and exit lines (1 - 11)
and the cooling circulations II and III.

I.a Bottom region:
Cooling of the hot gas mixture
25
In the bottom region I.a, the hot gas mixture is
passed in and cooled. This can be effected by
indirect cooling, for example by means of a heat
exchanger, or direct cooling with, as a cooling
30 medium, high boiler fraction condensed in the next
section of the column. Instead of being effected
in the bottom region of the column, the cooling
can also be carried out analogously, separately
from the column, in a separate apparatus I.a, as
35 shown in the Figure. In this case, the hot gas
mixture to be condensed, from line 1, is cooled in
a quench or prequench I.a and fed via line 2 to
the bottom region I.a of the column. The cooling



saturated C -C6-hydrocarbons, such as fromO0 to 90% by wei ght of nethane
and/ or propane, in addition to from1l to 30% by wei ght of steam from0.05
to 15% by wei ght 35 of oxides of carbon and fromO to 90% by wei ght of
nitrogen, based in each case on 100% by W8 ght of diluent gas, are present
as inert diluent gases. In addition to the desired conponent acrylic acid

or -9- methacryle i34 d. (484h88ns0408R5GH aSpd; Mg urhbé&éﬁsen)fragb' n,

such a gas m xture therefore contains further conpounds In_t hi gh_boi | er
and | ow boil er ran§@climgedtbat IRPt IRRe MiXGi¥¢ odf reskatfdationthes

then 5 carried ogfuedehdicd ipgddhenth 4@l iliGieappar at uses in the col um,
one on the |lower region of the colum for condensing the high-boiling

conponents and one in the upper region of the colum for condensing the | ow
boiler fr&ction. 1QfAdhentcopEairsd vis tdeeryptied essti astagr aetiight-bodlihg
presence o Fonr N ity A6L1 Q8sr8 T MR R IGACHO0 1y | BUchO! | e
fraction and noncondensabl e conponént(s), as own'inthe Frgure ang as
described 15 bel gwgian bebng Fospabt eofo thei esredm,corsmwmlint deesri ous

sections in which qifferent 1B 0GRIYHRNII BREEANGLIP! AI0]RMBLE ﬁuélzgﬁftedof _
Here, the reference synbolsin thé Figure refer to the i1ndividual sections
in the colum (I.a9%densaty iBpdhia eSidet itahg hbr aCa8e PDf removethe

colum (lroa), feed frcrethandrdddsd. nes (1 - 11) and the cooling
circulations Il and Ill1. I.a Bottomregion: Cooling of the hot gas m xture
25

I.b Cooling circulation II:

Condensation of the high boiler fraction

15 In column section I.b, the heat of condensation is
removed externally via cooling circulation II by
means of a heat exchanger with, for example, water
as coolant, by removing condensed high boiler
fraction from the column via line 4, cooling said

20 ' fraction and recycling a part of the cooled,
condensed high boiler fraction wvia line 5 to the
column, while the other part, usually less than 1%
by weight, based on 100% by weight of condensate
in the side take-off, is removed via line 6. The

25 recycled, condensed high boiler fraction is fed
countercurrent to the ascending gas. Depending on
the separation task, it is also possible to
combine (not shown) sections I.a and I.b of the
column, i.e. the cooling of the reaction gas and

30 the condensation of a high boiler fraction, in
terms of apparatus so that said processes are
carried out simultaneously. It is also possible,
instead of the external cooling circulation II, to
provide direct cooling (not shown) where high-

35 boiling assistant is injected for cooling and is

once again circulated or is worked up externally.



In the bottomregion |.a, the hot gas mixture is passed in and cool ed.
This can be effected by indirect cooling, for exanple by neans of a heat
exchanger, or direct cooling with, as a cooling 30 medi um hi gh
boil er fraction condensed in the next seckion of the col um. | nst ead of
being effected in the bottomregion of the colum, the cooling can also be

carried out angd OgﬁB@iJ‘ﬁng SePEE Rt £ Yorh I P LN iG] Wike JJEfR Separate
apparatus |.a, as 3 shown in the, Figure. In this case, the hot

gas nmixture to be Wrﬁ*&le‘?&@oerf?%‘?ﬁ???@aﬁm?s cooled in a quench or
prequench |.a and fed via line 2 to the bottomregion |I.a of the col urm
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usual ly l'ess than on wel g condensate in
the side take-off,tkanhpghr 1fraction ﬁr@m tthe gagessrepmy | i ng
circulation I1l: Ooé@'uﬁ'i‘@@i-é@f‘réﬁt”ﬂﬁ Rirghuedt®rgitaction 12 effectdd
colum section |I.b, the_heat_ of copdensation is renoved externally via

cool i ng C|rculallcﬁPW?r%yCQE%&EScﬁlEF t1®%chhanger with, for exanpl e,

wat er as1@oolant by renDV|ng condensed hi gh boil er fraction fromthe

colum via li e %g ﬂ fraction and recycling a part
of the cool C%Jﬁ % boiler fraction via line 5 to the
Taking off the medium boiler fraction

Desired components, such as acrylic acid or
15 methacrylic acid, are removed via side take-off 7

in column section I.d. In the limiting case of a

one-stage condensation, the medium boiler fraction

is condensed, in the region of the side take-off

7, from the gas mixture fed countercurrent in an
20 upward direction.

I.e Side take-off - Cooling circulation III:
Medium boiler concentration

25 In column section I.e, between column section I.d
(side take-off 7) and I.f (cooling circulation
II1I), the distillative concentration of the medium
boiler fraction from the gas stream fed upward in
the gas mixture 1is effected, the medium boiler

30 fraction being concentrated toward the side take-
off (region I.d). It is also possible to combine
(not shown) sections I.d and I.e of the column in
terms of apparatus to give one section. In this
case, a collecting tray is expediently installed

35 in section I.d of the column in order to remove
the liquid from the column.



columm, while the other part, usually less than 1% by wei ght, based on 100%
by wei ght of condensate in the side take-off, is renoved via |line 6. The
25 recycl ed, condensed high boiler fraction is fed countercurrent
to the ascending gas. Depending on the skparation task, it is also possible
to conmbi ne (not shown) sections |I.a and |I.b of the colum, i.e. the cooling

of the reactienrgagoa8NengdOcirculatiBf g@Rdensation of a high boiler
fraction, in terns of apparatus_so that sai esses are carried out

d.pro
si mul t aneousl y. ?Pn¢§nﬁﬁ§b°ﬁo§§iﬁhé,1PWspeéaer%Fﬁ€téQPernal cool i ng
circulation Il, to provide direct cooling (not shown) where high- 35

boiling assistant | s injecied far cooling a | S, once_agaj I rcu d or
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circulation 1. 10¢h. d gda ihake- ifvculididing of frihe e umpeater Hgaction
Desired conponents, gggh as .acrylic acid or met hacrylic_acid, are
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15 th
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condensed low boiler fraction wvia line 8, cooling
said fraction and recycling a part of the cooled,
condensed low boiler fraction via 1line 9 to the

15 column, while the other part is removed wvia line
10. The uncondensed gases are taken off at the
top of the column via line 11, it being possible,
if necessary, also to superheat the gas stream to
avoid further condensation in the vapor pipe.

20
The column shown schematically in the Figure is
particularly suitable for the fractional condensation
of an above-mentioned reaction gas mixture as formed in
the catalytic gas-phase oxidation to give acrylic acid
25 or methacrylic acid. In this case, a stabilizer, in

particular phenothiazine or another stabilizer
disclosed in EP-A-0 765 856, is advantageously added to
the column at one or more points which can be readily
determined by a person skilled in the art, in order to
30 avoid polymerization. The desired product, the acrylic
acid or methacrylic acid, is removed from the column
via side take-off 7 in a high purity of more than 95,
in particular more than 97, % by weight, based in each
case on the condensate removed in the side take-off.
35 The noncondensable components, which are preferably
nitrogen, carbon monoxide, carbon dioxide, oxygen,
methane, propane and propene, are removed at the top of
the column via line 11. The high boiler fraction which



20 upward direction. |.e Side take-off -+ Cooling circulation II1:
Medi um boi | er concentration 25 In colum section |.e. between col um
section |.d (side take-off 7) and I.f (cooling circulation Ill), the
distillative concentration of the medium¥dorler fraction fromthe gas
stream fed upward in the gas mxture is effected, the nedium boiler 30

fraction bein 0 d.topward :the 1Si N [gr=Yall i+t IS
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fraction fromrémoved vide lgamk séeawhikbd orhet eondermed Lowarbopberd
direction is garrjied out_Jn .col um | 106 t.he e al k Ng
circul ation I%‘Ff"c ﬁgf%)go‘ﬂ@' t@re%oggﬁér{b%)}cicro gllﬁagl%%onzﬁgﬁ?,’ g?%éig heat
of condensati eridsandnfornadédebydel | yeviremovedi Ngaldine 10. circul ation |11
by means of a heat exchanger with, for exanple, water as coolant, by
removi ng condensed | ow boiler fraction via line 8, cooling said_fraction
and recycl i ngIa peeRtHRSEhET0sed, PEBRAEASED FRwW IS ef OFr atBPLATYRD i ne
9 to theidd acrylieoladia, Whidh theqeiher thar Lises ofery esbadtbénteotO.
The uncondensed gases are taken off at..the Eop Otf1 the_col um via Iime 11,
it being possFEfltg'aCtlng agent, according to the 1invention acrylic
acid or methacrylic acid can be isolated in high purity
by passing hot reaction gases from the catalytic gas-
phase oxidation into an absorption column £from the
15 bottom and allowing said gases to ascend into
themselves without passing an external absorbent
countercurrent. The ascending gases cool, and the
condensable components condense and form, so to speak,
a descending "internal absorbent". The novel process
20 thus permits the isolation of acrylic acid or
methacrylic acid in high purity without an external
absorbent or extracting agent. Furthermore, the
process permits optimum utilization of the heat energy
which is contained in the hot reaction gases from the
25 catalytic gas-phase oxidation. Moreover, the
noncondenable components removed via the top can be
recycled as diluent gas or circulation gas to the stage
for the preparation of the acrylic acid or methacrylic
acid.

30
The novel process permits, in only one process stage,
not only separation of a hot gas mixture into a
condensable portion and a noncondensable portion, but
simultaneously separation of the condensable portion

35 into fractions boiling at wvarious boiling points or
boiling ranges and hence high purity of the wvarious
components. As stated above, condensed components
form, so to speak, a descending "internal absorbent",



if necessary, also to superheat the gas streamto avoid further
condensation in the vapor pipe. 20 The col unm shown schematically in the
Figure is particularly suitable for the fractional condensation of an
above-nmentioned reaction gas mxture as ¥%rmed in the catal ytic gas-phase
oxidation to give acrylic acid 25 or nethacrylic acid. In this case, a
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condensed | ow boil er fracti redom nant. tains etic
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to date for i|gomponepts) isaclgbisc ahat, BRI chnr egher eabbweusensiocasd
absorbent or extracti,ng 3060 91 Nhd ndher | BYEBLLEN ALY betmits
a particularly economical separation of a hot gas
15 mixture with a high proportion of noncondensable
components into its condensable components in a single
process stage. That the desired components can be

obtained in high purity is particularly advantageous.

20 The invention is illustrated below with reference to
the following Example, which represents a preferred
embodiment of the invention.

Example:

25
A mixture having the following composition (Table 1)
and a temperature of 270°C was obtained from a
catalytic gas-phase oxidation to acrylic acid:

30 Table 1:

Component Concentration, % by weight
Water 4.4
Formaldehyde 0.2
Acetic acid 0.4
Acrylic acid 10.1
Maleic anhydride 0.07
Benzoic acid _ 0.02




acid or nethacrylic acid can be isolated in high purity by passing hot
reacti on gases fromthe catal ytic gas- phase oxidation into an absorption
colum fromthe 15 bottom and allowing said gases to ascend into
thensel ves w thout passing an externd> -absorbent countercurrent.

The ascending gases cool, and the condensabl e conponents condense and
form so to S o scendi ng "internal %% Q Q%Q%i on TerQDW@ LOCESS
20 thus pé€ ' ' *jjifr—ﬂmﬁﬂ%* Sr—rrethacty cid

in high puritpAagial®in an external absorbent or extr&bﬂ4nq agent .
Furthernore, | glie, DI QC et REF{AL S Ooptimumutilization gfgihe heat enerpy

whi ch i s contfammeaTmthe hot—TreactTom gases fronrtie—25 catatytTe

gas- phase  QExpRiemic acid  Moreover t he noncond®n®®2e conponent s
renoved via t|hg 1o pende recycled as dilluent gas or @ fcul ation gas fo
t he stage for Lﬂe:glepdldllun of —theacryfiTtacid—or mettracryttt acrd—| 30
The novel prddekkyhaadH¥aten only one prgcess stage M@®Olonjy separat] on
of a hot gasrﬁéﬁggfaéﬁydéa condensable portion and aduyunMensable

portion, but [SITOITANEoOUSIy separatrion of [The condensaple portron 35 into
fracti ons boi a riml':JJniJ_'Lm}J\rgi ntts_or _hoili nrQ p&rlm:c and henck

hi gh purity dfpHérsodiaia®irse conponents. As stated ahqwe condensed
conmponent s foHE' so t 0 speak, a descendi ng "1 nternal_gbsorpent. - 14 -
and it is forAH%C Sl B )

sinplified termﬁyganan advant ageous conbi npati on of rectd.fé cati on and

absor ption. éarbonFﬁgﬁéff arly surprisinmg that this H[QE purity of the
Carbon dioxide 2.6
Propene 0.5
Propane 0.7

The mixture (3040 g/h) was introduced from below into a
column which schematically is formed essentially like
the column shown in the Figure. A column having bubble
5 trays was used. The column was 2.6 m high and had a
diameter of 8 ocm. The number of trays was 27. The
temperature at the bottom of the column was 120°C. The
heat of condensation was removed via heat exchangers
and trays 1 and 27. Phenothiazine was added
10 continuously as a stabilizer at the top of the column.

1 g/h of a high boiler fraction having the composition
stated in Table 2 was removed at 120°C from the bottom
of the column via a side take-off:

15
Table 2
Component Concentration, % by weight
Water 0.6
Formaldehyde 0.002
Acetic acid _ 0.403
Acrylic acid 40
Maleic anhydride 0.9




5

conponents i s possible without the use of an assistant.

The novel

process optimally utilizes the heat energy of gas mxtures fromreactions

in which hot gas mixtures form The novel process differs from
conventional distillation, rectificationt®rml condensation processes 10 in
that a high proportion of noncondensable connonents is _present. Usually,
the proporti o .
above- nenti g 5 a
particularlv hi gh
proportion (xcr@mgﬁgpndensable conponent $ into its cqquﬂﬁable conpon=nts
in a singl e |prOCESS, ST age. rmat the degTred conponents—canm be—obtal ned
in high puri d?ﬂ-dﬁ advant agepus. 20 The 3-®vention is
illustrated mmdpﬁdniﬁlgéﬁdwence to the fol I owi ng Exwm@d@ whi ch represents
a preferred of tne I NMVenti on. |EXanpt e: 25 A M Xxture tfravig] t he
foll ow ng cd bera - agmerature of 'pmprr](t\/\/aq obt ai ned
froma catal m]ky]gea-:wm oxi dation to cryI ic acid o,:ﬂbz Table 1
Conponent Concentratri ¢n, Y% by wei ght_VAatrer
4.4 Fornaldcﬁ?%%?aldehyde 0 —2-Aceticacid
0.4 Acrylic |irfural 10. 1 Mal.@o® anhydri de
0. 07 Benzoi g | o 0. 02 nponent
: th

Concentratlc#ﬁggg%y4¥%§%ﬂﬁ Remafnder (45. 46£P

Nitrogen 0

Ooxygen 0

Carbon monoxide 0

Carbon dioxide 0

Propene 0

Propane 0

350 g/h of the following medium boiler fraction (Table
3) were removed at 93°C from tray 3 of the column via a

side take-off:

Table 3

Component Concentration, % by weight
Water 1.1
Formaldehyde 0.004
Acetic acid 1.0
Acrylic acid Remainder (96.914)
Maleic anhydride ' 0.6
Benzoic acid 0.2
Acrolein 0.008
Phthalic anhydride 0.1
Propionic acid 0.02
Maleic acid 0

Allyl acrylate 0.01
Benzaldehyde 0.004
Furfural 0.01
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01 Propionic acid
0 Allyl acrylate
001 Furfural

0O Nitrogen

0.1 Phthalic anhydride
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0. 002 Acetic acid

cé@céﬂh of the following low boiler ‘Frdbl £o8 ?&Q%ﬁéiQS

were removed at 34°C from tray 27:

5 Table 4

Component

Concentration, % by weight

Water

Remainder (87.69)

Formaldehyde

0.08

Acetic acid

8.2

Acrylic acid

4.0

Maleic anhydride

Benzoic acid

Q

Acrolein

(]
o
W

Phthalic anhydride

Propionic acid

Maleic acid

Allyl acrylate

Benzaldehyde

Furfural

Phenothiazine

Nitrogen

Oxygen

Carbon monoxide

Carbon dioxide

Propene

Propane

O O |JO O |0 |O |O O |0 |0 |Oo |O o

The noncondensable components (exit gas) were removed



16 - Conponent Concentration, % by wei ght Benzoic

acid - 9.0 Acrolein
0. 006 Phthalic anhydride 3.6 Propionic acid
0. 008 Mualeic acid - 18 - 0 Allyl acrylate
0. 002 Benzal dehyde 0. 006 Furfural
0.009 Phenoth{fzi PRe top. At 2640 g/h Red@i 5 geé (49e484) i ﬁ(jfé).ﬂ?fbn
0 Oxygen bon nonoxi
0 Carbon di ox#3@ as follows: 0 Propene
0 Propane 0 350 g/h of the follow ng
medi um boi l er_fraction (Table 3) were renoved at 930C fromtray 3 of the
col um V|azalﬁQiL4$ke off: 5 Table 3 Conponent
Concentrasion, % by wei ght Water 1.1
For mal dehyde 004
1.0 Acrylic jpegponent Ré”(.’.‘gq e "'S%EM Welght“ Hiri de
0. 6 Benzoi c [Rater 0. 2 Acﬁnubln '
0. 008 Pht hal i ' 0.1 PR ionic acid
0.02 Mal eic a%?%ﬂgﬁéwge g 0-2
Acetic acid 0.09
Acrylic acid 0.03
Maleic anhydride 0
Benzoic acid 0
Acrolein 0.1
Phthalic anhydride 0
Propionic acid 0
Maleic acid 0
Allyl acrylate 0
Benzaldehyde 0
Furfural 0
Phenothiazine 0
Nitrogen Remainder (88.18)
Oxygen 4.1
Carbon monoxide 0.9
Carbon dioxide 3.0
Propene 0.6
Propane 0.8

As is evident from a comparison of Table 3 with the

other tables, acrylic acid of high purity and good

separation of the further components are obtained by
10 the use of a column for the condensation.



"Allyl acrylate 0. 01 Benzal dehyde

0. 004 Furfural 0.01 -17 - Conponent
Concentration, % by wei ght Phenot hi azi ne 0 03
Ni trogen - 19 -0 oxygen = — .
0 Car bon nonoxi de 0 Carbon d|
0 Propene We claim:-0 Propane wl“ HM!‘!U"I!J“‘"
0 90 g/h of the following | ow boiler fraction (Table 4)
340C fromtray 27: 5 Tabl e 4 Conponent Concentrati on,
% by weight Witer o process for the fractional Resmdéedeat{Srd-68)a gas
For mal dehyde N hich ddOt08 Acetic aci.d
8.2 Acrylic acid M™xture which, in addition, %P \@qkyligh@filideor
0 Benzoi 6 acid methacrylic acid, also céntainmdeiat least one
0.03 Phthalic anh o]
0 Mal ei ¢ acid %zjtgl%r condensable componed'l Fﬁ{i g%:&r)d;;l Jtc%%ﬂy a
0 Benzal dehyde high proportion of one o Fmprgranoncondensable
8 Eﬂenoth|a2|ne components, wherein the q%sN'hﬁQﬂ%Qe is passed
en
yg through a column having separatory internals and
10 the condensable components are condensed by
cooling.
2. A process as claimed in claim 1, wherein the gas
mixture is present as a crude product of the
15 catalytic gas-phase oxidation of C;3;-/Cs-alkanes,
-alkenes, -alkanols and/or -alkanals and/or

intermediates thereof to give acrylic acid or
methacrylic acid.

20 3. A process as claimed in claim 1 or 2, wherein the
hot gas mixture is cooled before the condensation.

4. A process as claimed in any of claims 1 to 3,

wherein a hot gas mixture having a high boiler

25 fraction, medium boiler fraction and low boiler
fraction is condensed.

5. A process as claimed in claim 4, wherein each of
the high boiler, medium boiler and low boiler

30 fractions contains one or more components.
6. A process as claimed in any of claims 1 to 5,

wherein a hot gas mixture comprising from 20 to
100% by weight of noncondensable components, based
35 on 100% by weight of gas mixture, is condensed.

7. A process as claimed in any of claims 1 to 6,
wherein a hot gas mixture at from 100 to 350°C is



Car bon nonoxi de 0 Carbon di oxi de

O Propene . 0 Propane .
0 The noncondensabl e conponents (exit gas% were renoved - 18 - via the
top. At 2640 g/h and 250C, their conpos?

ion was as follows: Tabl i\ 55

e detyde congensea, o ™ % 0 L HAMARMAL

2
0.09 Acrylic acid 0.03 Ml éic tanflydti de
0 Benzoic acid O Acrolein _

0.1 Phthalic 8nhydhi ¢gerocess as claimed in anp R¥fopelaimsaci dto 7,
0

0

0

Mal ei ¢ acid : : . 0 Allyl acrylate .
Benzal dehyde wherein a column having Oclﬂ_?rf %, more -~ cooling
Phenot hPazi ne apparatuses is used. O Nitrogen
Remai nder (88.18) Oxygen o 4.1 Carbon
nonoxi de 0.9 Carbon di oxi de

3.0 Propene 9. A process as claimed in any 6 9f opdpéms 1 to 8,
0.8 As is evident WhefednCYMArsEPArHofpblR13mM ttntdPnals used are

stacked packings, dumped packings and/or trays.

10
10. A process for the preparation of acrylic acid or
methacrylic acid by catalytic gas-phase oxidation
of C3-/Cs-alkanes, -alkenes, -alkanols and/or
-alkanals and/or intermediates thereof with
15 formation of a crude product which, in addition to

acrylic acid or methacrylic acid, also contains at
least one byproduct and/or at least one
unconverted starting material, wherein the gaseous

crude product is condensed by a process as claimed
20 in claim 1.



other tables, acrylic acid of high purity and good separation of the
further conponents are obtained by 10 the use of a columm for the
condensat i on. - 19 - W claim- 1. A process for the fractional
condensation of a gas m xture which, inZdddition to acrylic acid or 5

met hacrylic acid, also contains at |east one further condensable
conponent and additionally a high prapyddadt of one or nore noncondensabl e
conponents, wherein the gas m xture is passed through a colum havi ng
separatory internals and 10 the condensable conponents are
condensed by cepebicegs 2for Al odesttdorzlai retidensakdom lof weer gas t he
gas m xture i I esent crude p ft 1 . C yti

gas- phase o>‘<“|% au?xien o?’ﬁiﬁéﬁ/ C4--a ka%gg,%gg ken‘g‘g, élC"-]:-é(l]'l%acnoI%éféan(?ﬁ:or

-al kanal s  aethacryitisr nadidt ealswr cofitadngi \at adepistc @mée d fmrther

met hacrylic | ; : &?&é@ as ai kR Rl o 2, ein
the hot gas %gﬁlﬁrgé%ibsl%coolﬁoﬁ ore th%ﬁ%onggﬁg%?f'g{ﬁ.ﬂgy %Zpr glc SS as
clainmed in aBFrFORHIAHsof NG, GrheMerR NORFORZANSARIQIr COMPENRERLS hi gh
boi | 6fd25 q wh;réfr%cth@n,gagedhibfﬁ@ﬁéhirs fplae_beaz eRfohgn hoi |cﬁﬂtffn{nt’?lﬁtl on
i s condensed., 5., process as cl ai in _clai : erein c e

i h bo Ier . HHAS bBEPATAERAY owiBERFERLS, aBa " SHE (! ConEEAR e one
or nore conparendcnerts arke pramkased oy aaowiling. any of clains 1 to 5,
wherein a hot gas m xture conprising from20 to 100% by wei ght of
noncondensabl e conponents, based



35 on 100% by wei ght of gas m xture, is condensed. 7. A process as
clained in any of clains 1 to 6, wherein a hot gas mxture at from 100 to

350[err]Cis - 20 - condensed. 8. A process as clained in any of
claims 1 to 7, wherein a colum having one or nore cooling 5
apparatuses is used. 9. A process as clained in any of clains 1 to 8§,

wherein the separatory columm internals Udtd are stacked packings, dunped
packi ngs and/or trays. 10 10. A process for the preparation of acrylic
acid or nethacrylic acid by catal ytic gas-phase oxi dati on of

C3-/ C4- al kanes, - al kenes, -al kanols and/or -al kanals and/ or

i nter nedi at es t her eof with 15 formation of a crude product
which, in addition to acrylic acid or nethacrylic acid, also contains at
| east one bypr oduct and/ or at | east one unconverted starting

material, wherein the gaseous crude product is condensed by a process as
cl ai med 20 inclaiml.
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